INTRODUCTION
Until the mid 1970s a negative trend in the river flow values at the Argentinean provinces of San Juan and Mendoza (Cuyo region) was observed. Water resources in this arid Argentinean region are highly dependent on snowmelt flows. Water supply for domestic consumption, vineyard irrigation, hydroelectric power generation, and therefore industrial development would have been hindered if this trend, which fortunately reversed during the late 1970s, had continued (Fig. 1) . The increase in winter precipitation over the central Andes after 1978 was associated with a weakening of the subtropical anticyclone southeastern margin, combined with a decrease in the mean level of the Southern Oscillation Index (SOI) (Rutllant 1990) .
The weakening of the subtropical anticyclone in the South Pacific is consistent with both the increased activity at the frontal zone and the excessive rainfall during the El Nifio winters (Aceituno 1990 ). This anomalous Southern Hemisphere circulation pattern, described by Karoly (1989) , produces an increase in snow accumulation on the Andes cordillera, which results in increased summer flows on both slopes. A considerable reduction in the flows of Chilean rivers located to the north of 35"s is observed particularly during anti-Nino events (Aceituno & Vidal 1990) .
River flows in the Cuyo region depend on winter precipitation as well as on accumulated snow on the Andes, which is in turn dependent to a large extent on the occurrence of an El Nifio event. However, the neg- ative trend observed cannot be not fully explained by a positive anomaly of the Southern Oscillation. Therefore, part of this study was oriented to identifying other macroclimatic parameters, such as sea-surface temperatures (SSTs) of the Atlantic and Pacific oceans, which could explain this behaviour. Further, the possibility of using the relationship among SOI, SSTs and river flows as a prediction tool for flow anomalies is demonstrated, in order to facilitate water resources management. -Fhe data used in the study include monthly series of (2) La Plateada, (31 Km. 47.3, (4) Punta de Vacas, 15) Guido, river flows in the Cuyo region, SOI, and SSTs of the (6) Cacheuta, ( 7 ) '~a l l e de Uco, (8) Atuel, (9) carlad; Ancha, Atlantic and Pacific oceans. Hydrologic data were proand (10) Castaiio vided by the firm EVARSA ('Evaluacion d e Recursos S.A.'). The gauging stations were selected on the basis of geographic location and length of the period covcipitation. The geographic location and period covered ered by the available data series. Only those stations by the data for each selected station are shown in that are located closer to the mountains were consid- Table 1 . Fig. 2 displays the study area and the selected ered. Among them, the ones where the flow originates rivers. The monthly river flow anomalies were only from snowmelt were selected when possible, thus bimonthly averaged (January-February to Novembereliminating the influence of convective summer preDecember). Due to the seasonality of the phenomenon which affects river flows, it was necessary to remove the high frequencies and synoptic noise by using such bimonthly standardized series. The SO1 was calculated as the standardized difference between the sea-level pressure at Tahiti (18'S, 150" W ) and Darwin (12" S, 131" W ) during the 1939 to 1994 period. These data were provided by the U.S. National Oceanic and Atmospheric Administration (NOAA). The bimonthly index was estimated using the procedure described for river flow anomalies. The positive phase of the SO1 is defined by abnormally high/ low pressures at TahitUDarwin.
Comprehensive Ocean Atmosphere Data Sets (COADS) provided by the U.S. National Center for Atmospheric Research (NCAR) were used. These oceanographic data are available on a 10" X 10" grid covering all oceans. The data for the Atlantic and Pacific oceans between 0" and 60" S latitude were used in this study in 2 ways: (1) the series were processed for each box following the previously described method of bimonthly averaging, and (2) 4 regions of interest were defined-3 in the Pacific Ocean and 1 in the Atlantic Ocean-as described below.
A statistical analysis, based on correlation coefficient matrices and spectral and cross spectral analysis, was applied to the data series.
RESULTS

Correlation analysis
The strong relationships between the SOI, the winter precipitation in the central Andes, and the consequent summer discharge of the rivers in the Cuyo region have already been largely demonstrated. The correlation matrices between the bimonthly river flow anomalies and the SO1 series were calculated with the purpose of further exploring this interaction. Results were tested to the 5 % significance level. The highest corre- Table 2 . Highest correlation values between summer river flow (months for SO1 are gi lation coefficients for summer flows were found for the May-June SOI, although in some cases the best results were obtained for July-August (Table 2) . According to Rutllant (1990) , the increase in winter precipitation in the central Andes may be influenced by the SSTs at the Equatorial Pacific. In general, exceptionally humid/dry winters in central Chile are associated with relatively high/low SSTs in the central Pacific, although this is not always the case (Aceituno et al. 1989 ). To verify the above for the region leeward of the Andes, the flow anomaly series were correlated to each Pacific SST series available. Furthermore, summer precipitation can cause a n increase in the flows at the stations most distant from the mountains, and this summer precipitation depends on the advection of humidity from the Atlantic Ocean; therefore, the processes associated with the Atlantic Ocean were also analyzed.
The correlation matrices between the bimonthly SST series for each grid point and the bimonthly flow anomaly series for each gauging station were calculated first. Four main regions were defined on the basis of the highest correlation coefficients at a 5 % significance level: Pacific A, Pacific B, Pacific C and Atlantic (Fig. 3) . The grid points from the Pacific A, Pacific B and Atlantic regions have a positive correlation with flows, while the Pacific C region grid points have a negative one.
A mean time series was generated for each region and later used for calculating correlations. Tables 3 to 6 display the correlation coefficients obtained for each gauging station and oceanic region studied. In general, summer flow volume is highly correlated with the JulyAugust and September-October bimonthly SST series.
Figs. 4 to 7 display the SST series for each region. A centered 5-bimonth running mean was calculated in order to remove the high frequency cycles and the possible data errors. Further, each series was adjusted using the least squares method (fifth-degree polynomial), in order to visualize the low frequency oscillation which modulates each one of these regions. The Pacific A region (Fig. 4 ) experienced a negative trend until the mid 1970s and a subsequent recovery.
The conditions in this region are positively correlated with flows, showing a similar trend as well as a minimum value coinciding with drought years in the Cuyo region. Another characteristic observed based on the analysis of the moving average series is the high intensity of the cold events during years with a negative trend, although the intensity of the warm events is similar for both periods. The behaviour of the second region (Fig. S) , is analogous to the one described above. However, the Events in the western Pacific Ocean are negatively amplitude of the low-frequency oscillation is lower.
correlated to the river flows under study. As can be Even though events in this region are also positively observed in Fig. 6 , no remarkable features are found, correlated with the behaviour of the rivers at the Cuyo except for a relative minimum during the early 1980s. region, this correlation is not as strong as in the previThe Atlantic region (Fig. 7) displays, on average, ous case, since some of the coefficients are statistically temperatures below the mean during the 1951 to 1970 non-significant.
period. In the remaining years the warm anomalies 'Non-significant coefficients The squared coherency between the SO1 and the Rio de 10s Patos flows, which may be interpreted as the squared correlation coefficient between the cyclic components of 2 series for the same frequency, is displayed on Fig. 9 . High values of this parameter were found for cycles at the shorter ENSO variability scale, i.e. the 2.4-and 4.8-yr scale, and for the 43-yr wave. As shown in Fig. 10 , the lowest flow frequencies are in opposite phase to the SO1 frequencies. The SO1 influence on the lowest flow volumes observed for the rivers of the Cuyo region is thus confirmed. The quasi-biennial oscillation precedes the flow wave by approximately 8 mo. For example, the fall SO1 effect is observed on summer flows. The phase shift of the 4.8-yr wave (1.5 yr) could not be directly explained. However, in some cases the winter flow series are significantly correlated with the SO1 for phase shifts over 1 yr as observed in the analysis of the correlation matrices described above.
The 10.7-and 7.2-yr frequencies show considerable peaks in the real cross periodogram (Fig. 8) . However, the low coherency values are indicative of a noisy relation between flows and the SOI.
Each regional SST series was also analyzed by means of spectral analysis techniques. The 5-yr periodicity mentioned above was (Table 7) . In Fig. 6 . Pacific C sea-surface temperature anomalies spite of this, a 14.3-yr wave was observed in this case, as well as for the Atlantic and Pacific C regions, which could be understood cients into 2 different frequency series. This method as a multiple of the 5-yr wave. The highest peaks has been described in detail by Jenkins & Watts (1968) .
observed on the periodogram for the Pacific A and B
Two dominant modes of ENSO variability were idenregions correspond to the low 43-yr frequency. The tified by Rasmusson et al. (1989) . One of them is a results obtained when the series were adjusted by biennial mode, with periods of about 24 mo. The secmeans of the least squares method, as displayed in ond one has a lower frequency and periods of 4 to 5 yr.
Figs. 4 & 5, were thus confirmed. Therefore, ENS0 variability may be described in terms This last frequency was also found in the cross specof the relative phase and amplitude of the 2-and 5-yr tral analysis between the Rio d e 10s Patos and the components. The analysis of the cross spectrum oceanic regions, with a 0.95 and 0.98 coherency respecbetween the SO1 and the river flows indicates that both tively (Table 8 ). This wave was also observed, although of the ENSO variability components are important with a lower coherency, when the influence of the modulators of river flows (Fig. 8) . Although these Atlantic-region processes on river flows was analyzed. results were obtained for 1 river, they may be extrapoAnother dominant mode observed on the basis of the lated to the whole study area. It is thus considered that cross spectral analysis between the Rio d e 10s Patos and the Pacific A region is the one related to the E N S 0 phenomenon (4.8 yr). In the case of the Pacific C region high coherency values were found both for the biennial and the 4.8 yr mode.
DISCUSSION
Public interest in climate change issues The drought leeward of the Andes between the 1960s and 1970s was studied using correlation and cross -2 spectral analyses among the river flows, the SO1 and the SSTs for 4 study site phase with the corresponding SO1 oscillation.
Years
It is thus concluded that the negative trend observed during the first 25 yr for the Pacific A and B series is Fig. 11 . Sea-surface temperature anomalies in the subtropical region likely to be the determining factor for the drought observed at the Cuyo region. In addition, it is believed that the warming trend of the Atlantic region series did not contribute to the occurrence of the anomalies observed in the early 1970s.
